The forces between protein molecules in solution are in large part electrostatic in origin. Evidence for the dominant role of electrostatic forces is provided by the marked effect of ionic strength on the thermodynamic interaction of proteins.
Thus, the commonly observed reduction in interaction produced by the screening action of the statistical space charge of the ions of an electrolyte would only be effective on that part of the force between protein molecules, which is electrostatic in origin.
At values of pH departing from the isoionic points of the molecules in question, a simple Coulomb force, determined by their net electric charges, is predominant.
This force is non-specific and is sensitive to molecular structure only in so far as structure influences the net charges. When one or both of a pair of protein molecules are at their isoionic points, structure sensitive electrostatic forces come into play. These forces have been customarily attributed to fixed constellations of electric charge, which impart to the molecules permanent electric multipole moments characteristic of their structure.
We shall investigate here another type of electrostatic interaction between protein molecules, which arises from fluctuations in charge and charge distribution associated with fluctuations in number and configuration of the protons bound to the molecules.
Proteins, considered as ampholytes, contain a large number of neutral and negatively charged basic groups, such as --NH2 and -COO-, to which protons are attached.
Except in highly acid solutions, the number of basic sites generally exceeds the average number of protons bound to the molecule, so that there exist many possible configurations of the protons, differing little in free energy among which fluctuations may occur. Fluctuations in the number and configuration of the mobile protons impart to the molecules fluctuating charges and fluctuating electric multipole moments. We have demonstrated in a previous investigation' that the dipole moment fluctuations, arising from configurational fluctuations of the protons, are sufficient to account for the dielectric constant increments of many proteins without postulating the existence of permanent dipole moments.
Linderstr0m-Lang2 has shown that fluctuations in net charge contribute to interaction between proteins and the small ions of an electrolyte.
In the present investigation, we shall demonstrate that the interaction between the fluctuating charges and multipole moments of two protein molecules makes a significant contribution to the intermolecular force, by a relatively simple mechanism. The fluctuating electric field of each molecule alters the distribution of fluctuations in the charge and constellation of the mobile protons of the other in such a manner as to produce at the isoionic point a long range attractive force between them with a potential diminishing asymptotically as 1/R2, in the absence of screening by the statistical space charge of an electrolytic environment.
With screening, the range is reduced by an exponential factor, e-~R, depending upon ionic strength through the Debye-Hfickel parameter, K.
We consider two protein molecules in aqueous solution, the centers of mass of which are separated by a distance R. We suppose that molecule 1 contains vl basic groups of intrinsic charge ei(1) and that molecule 2 contains V2 basic groups of intrinsic charge ek(2). We define proton occupation variables xi(') and xk(2 to be unity when the respective basic groups are occupied by one proton and zero otherwise. 
In each of the integrals of equation (14) Although it is a force of long range at low ionic strength, it appears to exhibit specificity only through the influence of structure on the fluctuations.
It is clear, however, that highly specific interactions might well arise from the mechanism of interaction, which has been described. In favorable orientations, steric matching of a constellation of basic groups on one molecule with a complementary constellation on the other could conceivably produce a redistribution of protons leading to a strong and specific attraction depending upon the local structural details of the complementary constellations.
As an extreme example it is possible to imagine proton fluctuations to be frozen in such a manner as to produce an intermolecular zwitterion, with matching areas of positive and negative charge on complementary areas of the two molecules.
Such considerations relating to specificity of the fluctuation force must necessarily remain speculative until detailed knowledge of structure is available.
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